Acute kidney injury (AKI) is a common, early and severe organ dysfunction during sepsis \[[@B1]\]. One promising biomarker for its early detection is neutrophil gelatinase-associated lipocalin (NGAL) \[[@B2],[@B3]\]. During sepsis, cytokines, including TNFα, IL6 and IL10, initiate a broad variety of signalling that affect AKI development. Using a lipo polysaccharide-induced AKI animal model, correlation of NGAL expression to TNFα but not IL6 expression was previously described \[[@B4]\]. During polymicrobial sepsis, it remains unclear whether there is a correlation between protein levels and the role of plasma NGAL as an inflammatory protein rather than a marker of AKI.

After gaining permission (Thueringer Landesamt fuer Lebensmittelsicherheit und Verbraucherschutz; TVA02-10/10), sepsis in mice was induced by injection of human faeces. Mice were sacrificed at baseline, 6 h and 24 h post-sepsis insult. Plasma NGAL, cytokines, blood urea nitrogen (BUN), serum creatinine (Crea) and other laboratory markers were ascertained and ANOVA and Spearman correlation testing performed.

Sepsis symptoms developed within the first 6 h (Table [1](#T1){ref-type="table"}). During sepsis, IL6, IL10, monocyte chemotactic protein-1 (MCP1), interferon-gamma (IFNγ) and TNFα significantly increased (Figure [1a](#F1){ref-type="fig"}). Concerning sepsis-associated AKI, plasma NGA L was already elevated at 6 h, whereas Crea and BUN remained stable (Figure [1b](#F1){ref-type="fig"}). After 24 h, these markers were increased as well. Although Crea was still normal at 6 h, there was a significant positive correlation with NGAL, which was maintained at 24 h (Table [2](#T2){ref-type="table"}). A significant correlation between NGAL and TNFα was observed at 6 h and 24 h. In addition, significant correlations of NGAL with IL6, IL10 and MCP1 were found exclusively after 24 h but not after 6 h. No correlation was detected for IFNγ.

###### 

Characteristics of healthy and polymicrobial infected mice

  Sepsis characteristics           Healthy               6 h sepsis                 24 h sepsis                 *P*-value
  -------------------------------- --------------------- -------------------------- --------------------------- -----------
  WBC (× 10^3^/μl)                 5.45 (4.58-5.9)       1.85 (1.7-2.18)\*\*\*      0.7 (0.6-1.23)\*\*\*        \<0.0001
  Platelet count (× 10^3^/μl)      1,238 (1,205-1,339)   1,002 (844-1,100)\*\*\*    470 (399.8-603.5)\*\*\*     \<0.0001
  LDH (U/l)                        335 (296-375.5)       462 (388-585)\*\*          545.5 (456.3-671.3)\*\*\*   \<0.0001
  ASAT (U/l)                       41.5 (38-47.5)        77.5 (64.25-108.3)\*\*\*   123.5 (96.25-157)\*\*\*     \<0.0001
  ALAT (U/l)                       20.5 (19-22.75)       32.5 (26.25-45)\*\*        33.5 (24.25-46.25)\*\*      \<0.001
  Bacterial burden kidneys (CFU)                         0 (0-275)                  7,650 (575-24,350)          \<0.0001
  Bacterial burden blood (CFU)                           15 (0-65)                  20,800 (1,050-68,900)       \<0.001

Data are presented as median ± interquartile range. Investigated clinical chemistries from plasma samples of healthy controls (*n =*16 to 20) and of polymicrobial infected mice 6 h (*n =*16 to 20) and 24 h (*n =*16 to 20) post-sepsis induction as well as bacterial burden from whole blood (6 and 24 h; *n =*24). Statistically significant difference compared with healthy controls by ANOVA: \*\**P*≤ 0.01, \*\*\* *P*≤ 0.001. ALAT, alanine aminotransferase; ASAT, aspartate aminotransferase; CFU, colony forming units; LDH, lactate dehydrogenase; WBC, white blood cells.

![**Laboratory findings during polymicrobial sepsis in mice**. **(a)**Concentration of IL6, IL10, monocyte chemotactic protein-1 (MCP1), interferon-gamma (IFNγ) and TNFα in healthy untreated mice as well as 6 and 24 h after sepsis induction. **(b)**Concentration of creatinine (μg/dl), blood urea nitrogen (urea; mg/dl) and neutrophil gelatinase-associated lipocalin (NGAL; ng/ml) in healthy, untreated mice as well as 6 and 24 h after sepsis induction. \**P*\< 0.05, \*\**P*\< 0.01, \*\*\**P*\< 0.001, all compared to healthy untreated mice.](cc12540-1){#F1}

###### 

Correlation of NGAL and creatinine with various cytokines

                    NGAL    Crea                                             
  ----------------- ------- -------- ------ --------- ------ -------- ------ ---------
  Crea resp. NGAL   0.48    \<0.05   0.78   \<0.001   0.48   \<0.05   0.78   \<0.001
  IL6               -0.05   0.853    0.68   \<0.01    0.38   0.095    0.73   \<0.001
  IL10              0.23    0.351    0.76   \<0.001   0.38   0.103    0.77   \<0.001
  MCP1              0.36    0.127    0.74   \<0.001   0.42   0.066    0.69   \<0.01
  IFNγ              0.25    0.293    0.22   0.383     0.37   0.114    0.03   0.909
  TNFα              0.60    \<0.01   0.70   \<0.01    0.39   0.09     0.69   \<0.01

Spearman correlation analyses correlating plasma neutrophil gelatinase-associated lipocalin (NGAL) and creatinine (Crea) with various cytokines, all measured from samples of polymicrobial infected mice 6 h (*n =*20) and 24 h (*n =*18) post-sepsis induction. *P*-values are given. IFNγ, interferon-gamma; IL, interleukin; MCP1, monocyte chemotactic protein-1; TNF, tumour necrosis factor

Data indicate that the early increase of plasma NGAL during sepsis is not solely a result of inflammation and its associated cytokine storm but rather results from early kidney damage. As described recently \[[@B4]\], the association of TNFα with NGAL could be confirmed during polymicrobial sepsis. Since cytokines stimulate the expression of each other, it might be assumed that the late association of NGAL with IL6, IL10 and MCP1 was triggered by TNFα. We hypothesize that septic AKI, as remote organ failure, is mainly initiated by TNFα. This might explain further why higher NGAL levels are found in septic versus non-septic AKI \[[@B5]\].
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